Abstract
I. INTRODUCTION
Future generations of wireless/mobiles cellular networks such as 3G and 4G are expected to support a varity of applications which have diverse bandwidth requirement. This network will serve multiple classes of connections where each class has distinctively different Quality of Service (QoS) requirements. One side of the spectrum is real-time services requiring strong bandwidth guarantees as Constant Bit Rate (rt-CBR). The other side of the spectrum is services which are adaptive in nature and can operate over a wide range of bandwidth as real-time Variable Bit Rate (rt-VBR) services and non-real time Unspecified Bit Rate (nrt-UBR) services. Therefore, providing multimedia services with QoS guarantees in wireless cellular networks presents great challenges due to (i) the limited bandwidth; and (ii) the high rate of handoff events as the next generation of wireless cellular networks will use micro/pico cellular architectures in order to provide higher capacity [1] .
User mobility places stringent requirements on network resources. Whenever an active Mobile Terminal (MT) moves from one cell to another, the call needs to be handed off to the new Base Station (BS), and network resources must be reallocated. Resource demands could fluctuate abruptly due to the movement of high data rate users. QoS degradation or even forced termination may occur when there are insufficient resources to accommodate these handoffs.
User's QoS requirements can be quantitatively expressed in terms of probabilistic connection-level QoS parameters which related to connection establishment and management such as New Call Blocking Probability (NCBP) and Handoff Call Dropping Probability (HCDP). While minimizing the HCDP is very desirable from the user's point of view, this often comes at the expense of the resource (bandwidth) utilization, which is very undesirable from the service provider's point of view.
Recently, the reduction of the HCDP through accurate Mobility Prediction Scheme (MPS) has been proposed [2, 3] . For more reduction, the adaptive multimedia scheme and more accurate MPS has been attempted [4, 5] . However, the new calls have not been able to take advantage of the adaptive scheme and thus the achieved NCBP can be factor enhanced. Furthermore, in the case of congestion at arrival of a high priority call, the scheme adopts the preemption of low priority calls. Thus, low priority (nrt-UBR groups) calls are terminated. The drawback with those schemes is that it causes starvation, meaning that the low priority calls rarely acquire any resources during very high cell loads. However, users experience a nonsatisfactory connection. Therefore, one of the most important QoS issues is reducing NCBP and HCDP, while efficiently maintaining bandwidth utilization. Striking ideal balance between user's QoS satisfaction and bandwidth utilization with a degradation of non-UBR groups with a condition of not violating its minimum bandwidth requirements is the focus of this paper.
The integration of the CAC algorithm and the adaptation algorithm has been proposed in [6] . The adaptation algorithm in this scheme is work to overcome cell overload situations by dynamically adjusting only the bandwidth of individual ongoing calls for new and handoff calls. However, it does not integrate the bandwidth reservation algorithm with MPS.
The rest of the paper is organized as follows. Section II presents the proposed scheme. Section III presents the simulation model. Section IV elaborates the results and their respective discussions and section V concludes the paper.
II. PROPOSED SCHEME
The proposed scheme consists of CAC algorithm, adaptation algorithm and bandwidth reservation algorithm with MPS at the BS. The component of the proposed scheme is elaborated in the next sub-sections.
A. CAC Algorithm
The CAC algorithm is used to determine the acceptance or rejection of a call. The CAC is accepting an arrival handoff call which has already been reserved a bandwidth before its respective arrival. Otherwise, the CAC attempts to allocate maximum bandwidth for a new call or a handoff call which has not been reserved due to insufficient bandwidth at the time of the reservation request was placed. Thus, if the maximum bandwidth ≤ available bandwidth for new or handoff calls, the arrival call will allocate a bandwidth requested. In the case of addressing insufficient bandwidth, a QoS negotiation process is implemented.
QoS Negotiate Process: This process negotiates the bandwidth of current arrival call to determine the amount of bandwidth which can allocated for this call depending on available bandwidth in the cell. For example, the bandwidth of rt-VBR and nrt-UBR applications can accept any amount of bandwidth between bandwidth requested to the minimum bandwidth. Then CAC accepts the arrival call if the minimum bandwidth ≤ available bandwidth for new or handoff calls. That means that the arrival call will allocate a bandwidth not to be less than the minimum bandwidth. Otherwise, the CAC attempts to trigger adaptation algorithm when QoS negotiation is ineffective based on type of call.
B. Adaptation Algorithm
The adaptation algorithm in [6] will be extended by reallocating the bandwidth of connections in the reserved portion which is allocated to support handoff calls and the used portion which is allocated for the ongoing connections of the resources in the BS of lower priority connections in a gradual manner. Thus, integration of the admission of new calls in the admission control and handoff calls in the bandwidth reservation algorithm to achieve better results. When the channel is fully utilized and the available bandwidth cannot satisfy the bandwidth demand, the adaptation algorithm will be invoked. The bandwidth reallocation function is used to reallocate the bandwidth capacity of lower priority connections (i.e., nrt-UBR and rt-VBR traffic) by decreasing their bandwidth allocations in the network, starting with the traffic streams of the lowest priority that have the highest bandwidth allocation. The objective of the adaptation algorithm is to prevent sudden service degradation to rt-VBR or rt-CBR connections and to distribute the degradation level evenly among all the nrt-UBR connections.
The adaptation algorithm performs two main procedures: degradation and upgrading. The degradation procedure is triggered when an accepted arriving call (new or handoff) arrives to an overloaded cell.
There are two phases in the implementation of the Degrading Procedure. The first phase degrades the bandwidth of incoming handoffs that have been reserved. The subsequent phase degrades the bandwidth of the ongoing connection. When the first phase is ineffective the second phase is implemented. In any other case, the new call is blocked or the handoff call is dropped.
First phase: involves the degradation of the reserved bandwidth of lower priority index of reserving calls in the cell. This is to attempt to allocate average bandwidth for the higher priority index. Calls with the largest reserved bandwidth greater than average bandwidth and which have lower or equal priority to the new arrived call are degraded to have lower bandwidth. However, it is lowered to an amount not less than average bandwidth. The degradation starts from the lower priority index to equal priority index and stopped when (available bandwidth + degraded bandwidth from reserving calls >= bandwidth requested). The CAC will allocate the bandwidth requested by the new arrival call. In the event of unaccommodating bandwidth degradation of reserving calls in reserved portion, the adaptation algorithm is triggered in the second phase.
Second phase: involves the degradation of the allocated bandwidth of lower priority index of ongoing calls. The degradation starts from the lower priority index to equal priority index and is stopped when (available bandwidth + degraded bandwidth from reserving calls + degraded bandwidth from ongoing calls >= bandwidth requested). The CAC will allocate the bandwidth requested by the newly arriving call. Otherwise, further bandwidth degradation in the used portion of ongoing calls to accommodate the call cannot be performed. The CAC will be checked, if (available bandwidth + degraded bandwidth from reserving calls + degraded bandwidth from ongoing calls >= minimum bandwidth) is true. The CAC will allocate the bandwidth amounting to not less than the minimum bandwidth of the newly arrived call. If all of above tests is not complied then blocking of the new arrival call is done.
In the case of, a handoff call, a degradation procedure is similar to the two phases which are mentioned above. Except in the first phase, the degraded calls are the largest reserved bandwidth which are greater than minimum bandwidth and lower or equal priority to the handoff call. While in the second phase, the degraded calls are the largest allocated bandwidth which are greater than minimum bandwidth and lower or equal priority to handoff call.
The upgrading procedure is triggered to redistribute the total available bandwidth which was increased whether outgoing handoff call or a call completion (a call leaves the cell). The bandwidth upgrading procedure invokes to increase the bandwidth for one or more of the degraded calls to the bandwidth requested.
C. Bandwidth Reservation Algorithm
The handoff connection riles on the MPSs which are used to identify the information of every MT in the cell. Thus, is able to accurately predict the next crossing cell which a MT is going to (the target cell) for making advance bandwidth reservation for the MT. The bandwidth reservation algorithm invokes before the MT handing off to the target cell. In order to check whether sufficient bandwidth is available in the target cell to accommodate the handoff call of this MT. Therefore, the current cell (where the MT still active) sends a reservation request to the target cell (where the MT going to). The target cell may or may not a reserve the bandwidth requested. The success reservation depends on the traffic conditions and a priority of the calls in the target cell.
The current cell sends a cancel reservation request to the target cell to de-allocate the reserved bandwidth which is reserved earlier (if any) for the MT when:
• The MT deviates for its predicted path and starts heading to a neighboring cell different from the one that was predicted as target cell in the last prediction or • The MT completes its call before it reaches the boundary of the target cell. Based on the MPSs, the bandwidth reservation algorithm determines the target cells to reserve resources for the continuation of MT connection. If the target cell cannot support the bandwidth required by the handoff call, the adaptation algorithm will be triggered.
III. SIMULATION MODEL
A discrete simulation model for a wireless cellular network environment in 2-D topology in which each cell has exactly six neighbouring cells is extensively developed using C++ . The simulated area consists of 64 Omni-cells and has a uniform geographic distribution. It is assumed that a BS is located in the centre of a hexagonal. Fixed Channel Allocation (FCA) scheme is assumed for each BS in the system. The traffic characterization and mobility model which are elaborated in [5] are deployed.
In each cell, the BS is responsible for the connection setup, CAC, call termination, bandwidth reallocation and bandwidth reservation for new and handoff calls. The simulation results are plotted as a function of the call arrival rate. The call arrival rate is the arrival rate of new calls measured as the average number of new call requests per second per cell.
IV. RESULTS AND DISCUSSION
For investigate the performance of the proposed scheme, we simulate other scheme (named compared scheme [5] ) for comparison purposes. Figures 1-2 , display the performance of the NCBP and HCDP and the correlation between the impact of the real-time and non real-time priority. The NCBP performance of the proposed scheme is better than compared scheme. However, the compared scheme has better performance in the context of HCDP for real time and non-real time traffic because the compared scheme executes the adaptation algorithm only for a handoff call while blocking a new call. Thus, the compared scheme gives more priority to handoff calls which results in a lower HCDP. The proposed scheme is able to control this reduction of the performance by balancing between NCBP, HCDP and the termination of non real-time call due to higher priority real-time traffic. This enables the proposed scheme to achieve lower NCBP for the traffic and improve non real-time traffic in terms of terminating the call in the presence higher priority real-time traffic as shows in Figure 3 . Figure 4 illustrate the bandwidth utilization versus the offered load. The bandwidth utilization of the proposed scheme outperforms that of the compared scheme. This is due to the enhancement of the adaptation algorithm which is allowed the scheme dynamically adjusting the bandwidth of reserving and ongoing calls. Therefore, more calls are able to successfully complete their connection sessions which results in better bandwidth utilization resulting from a reduced NCBP. 
V. CONCLUSIONS
In this paper, the integration of the call admission control, adaptation and bandwidth reservation based on predictive scheme have been presented and evaluated. The discrete simulation results proofed to achieve an improvement in terms of NCBP and bandwidth utilization and improve non real-time traffic in terms of terminating the call in the presence higher priority real-time traffic.
